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I. Description of Research Goals

The emission of NxOy (oxides of nitrogen) from diesel engine exhaust is an
acknowledged environmental problem in both the civilian and military sectors. Recently
enacted legislation will reduce the allowable emission levels of NyOy by more than a
factor of 5 for civilian on-road vehicles and stationary sources during next 3 years. The
high probability that military engines will be held to the same standards has motivated
research into energy efficient methods to reduce these emissions which will not
detrimentally affect their battle preparedness.

In this program of research, computer models were developed to investigate the
plasma remediation of NxOy from diesel engine exhaust and remediation of volatile
organic compounds (VOCs) from a variety of sources. The goals of this work were to
both investigate the dominant physical processes which control the plasma remediation
and to develop physics based design models to optimize the process. The plasma reactors
of interest were dominantly dielectric barrier discharges (DBDs). We have also
investigated low pressure plasma material processing reactors which are sources of green
house gases such as CFCs and PFCs. This work was performed in parallel with a project
funded by the Semiconductor Research Corp.

The research performed under this AASERT grant supplemented the work
performed under the ONR grant "Modeling Studies of Pulsed Power Plasma Devices"
Contract N00014-90-J-1967, and is summarized in the final report for that contract.
Reprints of articles refereed to here can also be found that final report.

(Note: References will be made to publications listed in Sections III and I'V.

TH  refers to "Theses"

JA refers to "Journal Articles"

IPP  refers to "Invited Conference and Workshop Presentations with Proceedings"
CPP refers to "Contributed Conference and Workshop Presentations with Proceedings"
CPA refers to "Contributed Conference and Workshop Presentations with Abstracts" )

- II. Overview of Results

We initially investigated the plasma chemistry of NOy remediation from humid
air (TH-1, JA-4,6; IPP-8). We determined the dominant reaction pathways and
determined the conditions whereby the energy required for remediation can be
minimized. We also investigated reaction pathways for plasma remediation of select
VOCs (TH-1, JA-3). In the next phase of work, we turned our attention to the
filamentary nature of the plasma in DBDs. The plasma density and gas heating rates are
large in the core of the microstreamers. The scaling characteristics and energy efficiency
of toxic gas remediation will therefore depend on power deposition and plasma
hydrodynamics occurring in the microstreamers. These phenomena, and their impact on
the plasma chemistry were investigated with 1-dimensional models (TH-1, JA-5, IPP-9,
CPP-10, CPA-11). In this work, we quantified the decrease in remediation efficiency




resulting from gas heating in the core of the streamer and quantified the consequences of
interactions between closely spaced microstreamers.

During the past year, we turned our attention to development of low pressure
plasma sources as used in semiconductor material processing. The goals of this work
were to address emission of CFCs and PFCs, which are greenhouse gases, by these
plasma sources and to develop a modeling infrastructure which can used to design
reactors which have a minimum of such emissions. AASERT funding was used to
leverage funding from the Semiconductor Research Corp. to finalize model modifications
which are enabling us to investigate low CFC emitting plasma etching reactors (TH-2,
JA-7). That work is now continuing under other funding.
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